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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s) Verstegen, Monique, Maria, 

Andrea, et al. 
Serial No: Unassigned 

International PCT/NLOO/0061 1 
Appl. No. 

Filed: Herewith 



Examiner: 

Group Alt Unit: 
Docket: 

Dated: 



Unassigned 

Unassigned 
294-123 PCT/US 

March 4, 2002 



For: 



IMPROVED METHODS AND 
MEANS FOR RETROVIRAL GENE 
DELIVERY 



Assistant Commissioner for Patents 
BOX PCT 

Washington, DC 20231 
Attn: DO/EO/US 



PRELIMINARY AMENDMENT 



Sir: 



In order to place the present application in condition for examination on the merits 
AppHcant submits the following amendment for entry in the above-identified application. 

IN THE SPECIFICATION: 

On page L before line 1. after the title, please insert the following: 
This application is the U:S. National Phase of International Application 

Number PCT/NLOO/0061 1, filed September 1, 2000, which is incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 



On page 2, between lines 22 and 23 insert the following : 



SUMMARY OF THE INVENTION 
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TN THE CLAIMS: 

Please amend Claims 3. 5. 6, 10 and 14-20 to read as follows: 
3. (Amended) A method according to claim 1 wherein said target cells are 
cultured in the presence of fibronectin, retronectin or a functional equivalent thereof 

5. (Amended) A method according to claim 1, wherein said CD34 positive 
cells comprise umbilical cord blood cells or bone marrow cells. 

6. (Amended) A method according to claim 1 wherein composition of 
retroviral gene delivery vehicles of improved titer is applied. 

10. (Amended) A method according to claim 8 wherein said producer cells are 
cells of hematopoietic origin. 

14. (Amended) A composition according to claim 12 wherein said retroviral 
particles are capable of transducing hematopoietic stem cells and/or progenitor cells. 

15. (Amended) A composition according to claim 12 wherein said retroviral 
particles are capable of transducing umbilical cord blood cells and/or bone marrow cells. 
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16. (Amended) A composition according to claim 12 for use as a 
pharmaceutical. 

17. (Amended) Use of a composition according to claim 12 in the transduction 
of CD34 positive target cells. 

18. (Amended) A composition for the treatment of a hereditary disease or a 
pathological condition related to a genetic defect or a genetic aberration, comprising a 
plurality of CD34 positive cells transduced with a composition according to claim 12. 

1 9. (Amended) A composition for the treatment of a hereditary disease or a 
pathological condition related to a genetic defect or a genetic aberration, comprising a 
plurality of CD34 positive cells, said composition being obtainable by a method according to 
claim 1. 

20. (Amended) Use of a composition according to claim 1 8 in the preparation 
of a medicament for the treatment of the various genetic hemoglobin orders, the large group 
of rare diseases collectively known as severe combined immune deficiencies, the group of 
lysosomal storage diseases, especially with a strong hematopoietic and/or visceral expression, 
such as Gaucher's disease, but also possibly Krabbe*s disease, as well as in the treatment of 
infectious disease, notably HIV infection, or cancer. 
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Please add the following new claims: 

21. (Amended) A method according to claim 7 wherein said producer cells are 
cells of hematopoietic origin. 

22. (Amended) Use of a composition according to claim 19 in the preparation 
of a medicament for the treatment of the various genetic hemoglobin orders, the large group 
of rare diseases collectively known as severe combined immune deficiencies, the group of 
lysosomal storage diseases, especially with a strong hematopoietic and/or visceral expression, 
such as Gaucher's disease, but also possibly Krabbe's disease, as well as in the treatment of 
infectious disease, notably HIV infection, or cancer. 

REMARKS 

In order to place the present application in condition for examination in the U.S. 
Patent Office, Applicant has amended the Specification and Claims to conform to U.S. 
practice. No new subject matter has been introduced as a result of this Amendment. Asa 
result of the present Amendment, Claims 1-22 remain in the application for purpose of 
prosecution. 

The present Amendment has eliminated multiple dependent claims. Therefore, no 
additional fees should be assessed as a result of filing multiple dependent claims. 
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Since new matter has not been introduced as a result of this Amendment, entry hereof 
and examination and favorable consideration are respectfially requested. Any questions 
regarding this matter should be directed to the undersigned. 



Respectfully submitted. 



Ronald J, BaroirTV 
Registration n/ 29,281 
Attorney for Applicant 




HOFFMANN & BARON, LLP 
6900 Jericho Turnpike 
Syosset, New York 11791 
(516) 822-3550 
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VERSION OF AMENDMENT WITH MARKS 
TO SHOW CHANGES MADE 

IN THE SPECIFICATION: 

On page 1. before line L after the title, please insert the following: 
This application is the U.S. National Phase of International Application 

Number PCT/NLOO/0061 1, filed September 1, 2000, which is incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 

On page 2, bet ween lines 22 and 23 insert the following : 

SUMMARY OF THE INVENTION 

IN THE CLAIMS: 

Please amend Claims 3. 5. 6. 10 and 14-20 to read as follows: 

3. (Amended) A method according to claim 1 [or 2] wherein said target cells 
are cultured in the presence of fibronectin, retronectin or a functional equivalent thereof 
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5. (Amended) A method according to claim 1 [any one of claims 1-4], 
wherein said CD34 positive cells comprise umbilical cord blood cells or bone marrow cells. 

6. (Amended) A method according to claim 1 [any one of the afore going 
claims] wherein composition of retroviral gene delivery vehicles of improved titer is applied. 

10. (Amended) A method according to claim 8 [any one of claims 7-9] wherein 
said producer cells are cells of hematopoietic origin. 

14. (Amended) A composition according to claim 12 [or 13] wherein said 
retroviral particles are capable of transducing hematopoietic stem cells and/or progenitor 
cells. 

15. (Amended) A composition according to claim 12 [any one of claims 12-14] 
wherein said retroviral particles are capable of transducing umbilical cord blood cells and/or 
bone marrow cells. 

16. (Amended) A composition according to claim 12 [any one of claims 12-15] 
for use as a pharmaceutical. 



17. (Amended) Use of a composition according to claim 12 [any one of claims 
12-15] in the transduction of CD34 positive target cells. 
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18. (Amended) A composition for the treatment of a hereditary disease or a 
pathological condition related to a genetic defect or a genetic aberration, comprising a 
plurality of CD34 positive cells transduced with a composition according to claim 12 [any 
one of claims 12-15]. 

19. (Amended) A composition for the treatment of a hereditary disease or a 
pathological condition related to a genetic defect or a genetic aberration, comprising a 
plurality of CD34 positive cells, said composition being obtainable by a method according to 
claim 1 [any one of claims 1-1 1]. 

20. (Amended) Use of a composition according to claim 1 8 [or 19] in the 
preparation of a medicament for the treatment of the various genetic hemoglobin orders, the 
large group of rare diseases collectively knovm as severe combined immune deficiencies, the 
group of lysosomal storage diseases, especially with a strong hematopoietic and/or visceral 
expression, such as Gaucher's disease, but also possibly Krabbe's disease, as well as in the 
treatment of infectious disease, notably HIV infection, or cancer. 

Please add the following new claims: 



2 1 . (Amended) A method according to claim 7 [any one of claims 7-9] wherein 
said producer cells are cells of hematopoietic origin. 
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22. (Amended) Use of a composition according to claim [18 or] 19 in the 
preparation of a medicament for the treatment of the various genetic hemoglobin orders, the 
large group of rare diseases collectively known as severe combined immune deficiencies, the 
group of lysosomal storage diseases, especially with a strong hematopoietic and/or visceral 
expression, such as Gaucher's disease, but also possibly Krabbe's disease, as well as in the 
treatment of infectious disease, notably HIV infection, or cancer. 
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WO 01/16341 PCT/NLOO/0061 1 

Title : Improved methods and means for retroviral gene 
delivery 



The present invention relates to the field of recombinant 
retroviral particles, to retroviral gene delivery vehicles. 
To methods for producing particles and vehicles as well as 
uses of the particles or vehicles in improved transduction 
5 methods^ compositions for transduction as well as 

pharmaceutical compositions for the treatment of disorders 
with a gfenetic component . In particular the invention 
provides in one of its embodiments a method of gene transfer 
into e.g. pluripotent hematopoietic stem cells and their 
10 descendants^ enabling successful transduction of 90% of CD34^ 
cells, including transplantable cell populations comprising 
hematopoietic stem cells that give rise to progeny expressing 
the transduced gene(s). The use of the method e.g. includes 
and is included in a mec;nod for treatment of a variety of 
15 hereditary and acquired human diseases by transfer of 

therapeutically active genes into hematopoietic -stem cells 
and genetic marking of suchs cells. 

The hematopoietic system produces perpetually large 
numbers of blood cells, which h^ve a limited life span and 
20 need to be perpetually renewed throughout the life of a 

mammal . This renewal is maintained through proliferation and 
differentiation of a small number of hematopoietic stem cells 
in the bone marrow. The definition of stem cells is not 
always clear within the art. Herein a functional definition 
25 is used, which defines stem cells as those cells capable of 
(long term) ireconst itut ion of a hematopoietic system. This 
definition is often felt to include at least some early 
progenitor cells. Since blood cells virtually reach every 
organ, hematopoietic stem cells are a highly suitable target 
30 for gene therapy for a variety of hereditary and acquired 
diseases within and outside the hematcpoiet ic system. 
Unfortunately, retrovirus mediated gene transfer has met with 
only limited success due to the difficulty of obtaining 
sufficient numbers of successfully transduced. 
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transplantable, long- term repopiilacing hematopoietic stem 
cells - 

Recent advances in understanding stem cell biology 
include the discovery of heterogeneity of stem cells both in 
terms of maturity as well as the discovery of novel growth 
factors thought to control their proliferation and 
differentiation and the possibility to purify hematopoietic 
seem cells by selection for the CD34 sxarface marker. 
Retrovirus mediated gene transfer has been greatly benefited 
by co-localization of cells and virus using a recombinant 
fibronectin fragment, whereas the importance of selecting a 
suitable retrovirus receptor has been recognized. Based on 
these advances, we have analyzed the variables influencing 
gene transfer during the transduction procedure and selected 
a highly efficient producer cell subclone. With our invention 
we have made the observation that several binding steps 
involving receptors and ligands on virus, cells and mediating 
adherence molecules are needed for successful transduction, 
each with their specific affinities. Hence, our invention 
discloses the finding that the transduction procedure should 
be highly dependent on the relative concentration of these 
molecules during the tranduction procedure. 

Thus the invention provides a method for transducing 
target cells with gene delivery vehicles of retroviral origin 
comprising providing a selection of CD34 positive cells from 
a culture of cells, taking a plurality of samples of said 
CD34 positive population, diluting and/or concentrating said 
samples to provide a range of concentrations of cells per 
volume, contacting samples xn said range with a composition 
cbmprising said gene delivery vehicles and determining the 
optimal concentration of target cells for efficient 
transduction and diluting or concentrating said CD34 positive 
population to said optimal concentration and contacting said 
population with said gene delivery vehicles to allow for said 
transduction of target cells. 

As stated herein before, the population of CD34 positive 
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cells such as chey can be found in e.g. umbilical cord blood 
or bone marrow includes the srem cells as defined herein 
above (i.e. Che cells capable of long cerm repopulation) - We 
have found chac a very imporcanc variable in the efficiency 
5 of cransduction is a ratio between number of cells (or cell 
concentration) and the number of transducing particles. 
According to our invention these should be optimized vis a 
vis one another, which may sometimes lead to increasing 
particle titers and/or target cell concentrations, but 
10 aurprismgly also to decreasing viral particles and/or 
lowering cell concentrarions . Therefore a range of 
concentrations should be tried with samples from the target 
population of cells. Gene delivery vehicles of retroviral 
origin are all vehicles comprising genetic material and/or 
15 proteinaceoVis material derived from retroviruses. Typically 
the most important features of such vehicles are the 
integration of their genetic material into the genome of a 
target cell and their capability to transduce stem cells. 
These elements are deemed essential in a functional manner, 
20 meaning that the sequences need not be identical to 

retroviral sequences as long as the essential functions are 
present. The methods of the invention are however especially 
suitable for recombinant retroviral particles, which have 
most if not all of the replication and reproduction features 
25 of a retrovirus, typically in combination with a producer 
cell having some complementing elements. Normally the 
retroviral particles making up the gene delivery vehicle are 
replication defective on their own. The invention is 
particularly suited for the produccion of gene delivery 
30 vehicles, however other retroviral particles can also be 
produced according to the invention. 

In another embodiment according co che invention noc 
only the concentration of target cells is optimized, buc also 
the concentration of virus. As stated before, opt imi zac xon of 
35 all concentrations involved in binding or inceraction is 

preferred. In order co be able tc modify virus titers high 
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inicial titers are preferred. Methods to arrive at those are 
also provided by the present invention. Thus the invention 
further provides a method wherein target cell concentrations 
are optimized further comprising optimizing the concentration 
5 of said gene delivery vehicles for optimal transduction 

efficiency. It is of course that a gene delivery vehicle is 
intended to read on any vehicle capable of delivering genetic 
material to a target cell, whether the genetic material is 
actually a gene, an antisense molecule or a cosuppressive 

10 nucleic acid (encoding molecule), etc. Useful nucleic acids 
to be provided to target cells ^ e.g. stem cells are well 
known in the art and include such molecules as to replace 
inborn errors/deficiencies of the hematopoietic system, which 
may include hemoglobin genes and their regulatory elements 

15 for the thalassemia's and sickle cell anemia's and sequences 
to repair the various forms of severe combined 
immunodeficiency, such as caused by adenosine . deaminase 
deficiency and that knowit as severe X linked 
immunodeficiency, or genes encoding enzymes for diseases 

20 known as lysosomal storage diseases, such as Hurler's, 

Hunter's, Krabbe ' s and in particular Gaucher 's disease and 
metachromatic leukodyscrophy , or by introducing sequences 
that confer resistance of the progeny of hematopoietic stem 
cells to infectious agents, such as HIV, as well as the 

25 introduction of suicide genes for cancer therapy and marker 
genes to track the progeny of transplanted normal and/or 
malignant hematopoietic stem cells. Another factor involved 
in binding and/or interaction is a matri:x: binding both virus 
and target cell exemplified herein by fibronectin and 

30 retronectin. The optimization of their concentration is also 
part of the present invention. Thus the invention also 
provides a method as described above wherein said target 
cells are cultured in the presence of fibronectin; 
retronectin or a functional equivalent thereof, preferably 

35 further comprising optimizing the concentration of said 

fibronectin, retronectin or said functional equivalent tor 
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optimal transduction efficiency. 

Typically the target cells of the present invention 
comprise populations of CD34 positive cells, which are 
efficiently transduced by retroviral particles, preferred are 
5 those populations wherein said CD34 positive cells comprise 
umbilical cord blood cells or bone marrow cells. As stated 
above it is preferred to use high viral titers to be able to 
optimize all relevant concentrations vis a vis all binding 
and/or interaction seeps. Therefore the invention also 

10 provides a method as described above wherein a composition of 
retroviral gene delivery vehicles of improved titer is 
applied. According to the invention preferably a method for 
improving the virus titer is applied which involves improving 
the producer cell line- Thus the invention also provides a 

15 method wherein said virus txter is improved by providing a 
culture of producer cells of a retroviral gene delivery 
vehicle, subcloning said culture of producer cells, culturing 
the resulting subclones and selecting the clones^ producing 
the highest virus titers, possibly based on multiple copies 

20 of the provirus due to reinfection. Apparently a number of 
cells from established producer cell lines loose some of 
their ability to produce effective retroviral particles. 
Subcloning appears to be a way to select for those cells 
recaining that ability. Other ways of selecting for such 

25 cells are also included in the present invention. 

Another factor promoting the transduction efficiency is 
prior cryopreservat xon of the {CD34+) cells prior to use in 
the transduction procedure. Typically, umbilical cord blood 
harvests are cryopreserved prior to use, whereas rhesus 

30 monkey cells are predominantly used immediately after 
procurement, ether or noz. following stimulation or 
mobilization of the CD34^- by administration of G-CSF to che 
animals. Cryopreaervat ion resulted in less variability of che 
obtained transduction frequencies and, in general, a much 

35 higher level of transduction. The mechanisms involved are not 
clear and may be related to the use of DMSO, damage to the 
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cell membrane, more prominent: availability of the GAI.V- 
receptor protein and/or upregulation of the receptor gene 
expression. Therefore, in one embodiment a harvest of stem 
cells is frozen, optionally stored, and thawed prior to 
5 performing a transduction method of the invention. 

The method of improving virus titers can also be used 
apart from the improvement of rransduccion . Thus the 
invention also provides a method for producing retroviral 
particles at high titers, comprising providing a culture of 
10 producer cells producing retroviral particles, subcloning 
said culture of producer cells, culturing the resulting 
subclones and selecting the cultures producing the highest 
virus titers. Again the invention is preferably applied to 
gene delivery vehicle production. Thus the invention provides 
15 in yet another embodiment a mechod as just described wherein 
said retroviral particles are gene delivery vehicles. 
Typically producer cells are well known in the art. The 
preferred ones are mouse fibroblast cells, originating from 
PG13 which is pseudotyped with the gibbon ape leukemia virus 
20 (GALV) . GALV- receptors (GLV-1 or Pit-1) are present on human 
hematopoietic cells. 

The invention also includes compositions obtainable by 
the methods of the invention. Thus included are compositions - 
comprising retroviral particles at high titer obtainable by a 
25 method as disclosed above, preferably those wherein said 

retroviral particles are gene delivery vehicles. Preferably 
such a composition comprises retroviral particles capable of 
nransducing hematopoietic stem cells and/or progenitor ceils, 
preferably wherein said retroviral particles are capable of 
ci-ansducing umbilical cord blood cells and/or bone marrow 
ceils . 

The invention also provides the pharmaceutical use of 
these compositions, particularly in the creatment of diseases, 
having a genecic componenc , such as the various genetic 
35 hemoglobin orders, the large group of rare diseases 

collectively known as severe combined immune deficiencies, 
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the group of lysosomal scorage diseases, especially wich a 
scrong hematopoiecic and/or visceral expression, such as 
Gaucher 's disease, but also possibly Krabbe • s disease, as 
well as in che treacment of infectious disease, notably HIV 
5 infection, or cancer. Typically the use of a composition 

comprising retroviral particles will involve the transduction 
of CD34 positive target cells. Such transduced cells are 
typically made in vitro and are also part of the present 
invention. Thus the invention provides a composition for the 

10 treatment of a hereditary disease or a pathological condition 
related to a genetic defect or a genetic aberration, 
comprising a plurality of CD34 positive cells transduced with 
a composition of retroviral particles according to the 
invention, or a composition for the treatment of a hereditary 

15 disease or a pathological condition related to a genetic 
defect or a genetic aberration, comprising a plurality of 
CD34 positive cells, said composition being obtainable by a 
method according to the invention. 

20 

Detailed description 

The object of the present invencion is to provide a 
generally applicable method for retrovinj-s mediated transfer 

25 of therapeutic and marker genes into pluripotent 
hematopoietic stem cells. 

The inventxon includes the unexpected and surprising 
finding that transduction is dependent on the concentration 
of target cells during che transduction period and that 

30 selection of (high titer) subclones of a by itself effective 
producer cell line decreases this dependence on cell 
concentration. These two findings enable a reproducible, 
highly efficienc method of gene cransfer into hematopoietic 
stem cells, which maircain chexr cransplant ability and 

35 provide descendant containing the gene of interest and 

expressing this gene following transplantation in recipient 
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subjects. Proof of principle will be obcained using 
transplantacion of successfully marked CD34+ cells into 
irradiated nonhuman primates. For human umbilical cord blood 
stem cells, we have obtained proof of principle by 
5 transplantation of human umbilical cord blood stem cells in 
immunodeficient NOD/SCID recipients. To test for transduction 
of transplantable human multilineage and/or pluripotent 
hemaopoietic stem cells, EGFP transduced CD34^ cells were 
transplanted into immunodeficient mice irradiated with 3 . 5 Gy 
10 (g-rays tocal body irradiation. The mice were sacrificed at 

day 3 5 to measure content of repopulating cells and to assess 
the multilineage nature of the transduced cells by flow 
cytometry. Typically, the optimized procedure resulted in 
percentages of up to 80% EGFP expression (Table 1) which was 
15 multilineage in nature (Figure 4) . Since only a small subset 
of CD34- cells has the capacity to produce offspring after 
transplantation it was thought to be of interest to relate 
EGPP expression frequencies of CD4 5' cells in th^ engrafted 
NOD/SCID mice with the frequency of EGFP* cells in the 
20 transplanted CD34- cells (Figure 5) . This analysis revealed a 
threshold of transduction of repopulating cells relative to 
the CD34- cells, which explains why substantial transduction 
frequencies in CD34* cells do not necessarily result in 
similar frequencies following transplantation, and also 
25 demonstraced that with the optimized procedure up to 80% of 
the multilineage repopulating cells should express the 
transgene . 

For human umbilical cord blood stem cells, provisional 
proof of principle has already been obtained (Van HenniJc et 

30 al.. Blood, 1993) by transplantation of transduced stem cells 
into immunodeficient NOD/SCID recipients under conditions 
resulting in a lower transduction frequency of CD34- than has 
become possible by the present invenrion. Hence, clinical 
application of the method for autologous umbilical cord blood 

35 gene therapy for ^ variety of diseases has become a feasible 
option for therapy by the present invention. 
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Matieriala an <^ Metihods 

Vlrail ^reccor and packaging cell line 

The pseudocyped recroviral producer cell line PG13/EGFP7 
was kindly provided by J. Barquinero (Institut de Recerca 
Oncologica, Barcelona, Spain) . The cell line was developed by 
transducing the PG13 packaging cell line (kindly provided by 
D- Miller, Fred Hutchinson Cancer Research Centre, Seattle, 
WA) with 0,45 filtered supernatant from PA317/EGFP cell 

cultures. (Limon A at al . , ( 1997) , Blood, 90:3316-21 21). 
EGFP expression was analyzed by flow cytometry and bright 
single cells were sorted on 96 -well plates by using an EPICS 
Elite ESP flow cytometer coupled to an autoclone device (both 
from Coulter, Miami, FL, USA) . Single clones were cultured as 
previously described. (L.imon A et al . , (1997), Blood, 90; 
3316-21). The PG13/EGFP7 cell line was subcloned^by diluting 
the cells to 1 cell per well of a 96 -well plate. Single 
20 subclones were cultured as described and analyzed for 

transduction efficiency on rhesus BM en UCB CD34+ cells. The 
viral titer of the cell line (original and subclones) was in 
the order of 10^ - 10^ infectious particles per ml as 
determined by supernatant titration on cultured human HeLa 
25 cells and Rat-2 cells. Absence of replication-competent virus 
was verified by failure to transfer GFP-expression from a 
transduced cell population to a secondary population. 

Subclonincr of the PG13/SF-BGPP packaging c&ll line/ vector 

30 comhin^cion (Fignxr& 2) 

Subcloning of the PGi3 /SF-'EGFF7 virus producer cell line 
was performed using limxting dilution to grow one cell per 
well of a 96-well place in culture medium consisting of an 
enriched version of Dulbecco ' s modified Eagle's medium (DMEM, 

35 Gibco, Gaithersburg, MD) , (Merchav S et al . (1984), Inr j 
Cell Cloning, 2 : 356-67). (Wagemaker G et al . (1980), Cell 
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Tissue Kinet, 13: 505-17). Supplement. ed with 10% FCS , Growing 
clones were harvested and grown in T75cm2 flasks until 80% 
confluency and subsequently tested for transduction 
efficiency. 

5 

Determination of Che virus titer- (FlgfUJre 2) 

To determine the virus titer of all clones, diluted 
supernatants of these clones were used to transduce cells of 
the Rat-2 cell line and HeLa cell line. The producer cell 

10 lines (PG13/SF-EGFP7 , clone 1, clone 2, clone 3 and clone 5) 
were grown in T75 cm^ culture flasks until 80% confluency as 
described above. Subsequently, 2000 Rat-2 cells and HeLa 
cells were cultured for 24 hours in dilutions of 0,45 A^m 
filtered virus supernatant of the different clones of the 

15 virus producer cell line in 12 wells of a 24 -wells plate. As 
a control, 1 well did not contain virus supernatant but 
culture medaum solely. The virus supernatant was removed and 
substituted with fresh culture medium. The transduced cells 
were harvested at confluency and the transduction efficiency 

20 was determined by flow cytometry (FACSCalibur , Becton & 

Dickinson) . The virus titer was determined by calculating the 
number of cells initially cultured (2000) that were 
transduced at a certain dilution of the virus supernatant. 

25 Retiro'^iral tzr^nsducLion 

Supernatants containing recombinant retrovirus were 
generated by culturing approximately 80% confluent producer 
cells for 12 hours in culture medium consisting of serum- free 
enriched version of Dulbecco's modified Eagle's medium (DMEM, 

30 Gxbco, Gaithersburg . MD) . (Merchav S et al . (1984), Inr J 
Cell Cloning, 2: 356-67), (Wagemaker et al . (1990), Cell 
Tissue Kinet, 13: 505-17). Media for all cultures routinely 
included 100 U/ml of penicillin and 100 /ig/ml of 
streptomycin. The cultures were maintained at 37*>C with 10% 

35 COj (measured every 15* with read-outs between 9,5% and 10%) 
in a humidified atmosphere. The culture supernatant was 
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subsequently produced and passed through a 0^45 /zm filter. To 
enhance the transduction efficiency. Falcon 1008 (35 mm) 
bacteriological culture dishes were coated with che 
recombinant fibronectin fragment CH-296 (Takara Shuzo, Otsu, 
5 Japan) at a concentration of 10 ^g/cm' as described 

previously- (Moricz T et al . (1996), Blood, 88:855-62), CD34- 
selected UCB, human BM, normal rhBM or rhBM from G-CSF and/or 
Flt3-L treated monkeys were prest imulaced for 2 days in 
enriched Dulbecco's medium with combinations of the human 

10 recombinant growth factors Flt3-L (50 ng/ml, kindly provided 
by Amgen^ Thousand Oaks, GA, USA), thromopoiet in (huTPO and 
rhTPO, 10 ng/ml, kindly provided by Genentech, South San 
Francisco, CA, USA) and stem cell factor (SCF, 100 ng/ml) , 
Before adding purified subsets to the f ibronectin-coated 

15 dishes, the "CH-2 96 fibronectin fragment was preincubated with 
supernatant containing the pseudonyped vector for 1 hour at 
37"C. (Moritz et al . (1996), Blood, 88: 855-62). (Hanenberg H 
et al . (1996), Nat Med, 2: 876-82), Subsequently,- nucleated 
cells were resuspended m the vector -containing supernatant 

20 supplemented with hematopoietic growth factors (HGF) , and 
added to the dishes. Over a period of 2 days, culture 
supernatant was replaced completely by resuspending 
nonadherent cells into fresh retrovirus supernatant and HGP. ^ 
Finally, the cells were harvested and analysed by flow 

25 cytometry and cell cycle analysis . 

All umbilical cord blood samples used were cryopreserved 
prior to use, as were the indicated samples of rhesus monkey 
bone marrow. For cryopreservac ion , the cells were suspended 
in HEPES buffered Hanks' balanced salt solution, supplemented 

30 with 22,5% foetal calf serum and 7,5% DMSO in a concentration 
ranging from 20-200 x loVml. The cells were frozen in 
ampoules of 1, l , 5 or 5 ml volume using a Planer Biomed Kryo 
10 controlled cryopreservat ion machine during the 
crystallization at a rate of -1<*C per minute. Prior to use, 

35 cryopreserved cells were thawed by the standard so-called 
"step- wise dilution" mechod, choroughly washed and 
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resuspended in the medium used for transduce ion. 

Targ&tz cell titrations (Figure 1) 

Rhesus monkey BM (rh BM) and human umbilical cord blood 
(UCB) cells were titrated from 3x10^ to 10^ /ml during the 
transduction assay. The producer cell line was^ as standard, 
cultured in T75 cm=» flasks filled with 10 ml serumfree medium 
as described above until 80% confluency. During the 
transcluction, the virus supernatant was refreshed once. After 
2 days prest imulat ion and 2 days of supernatant infection the 
cells wejre harvested and the transduction efficiency was 
determined by flow cytometry. 

Transplant^Atilon of transduced human. VCB a&lls into NOD/SCID 
mice 

Male, specified pathogen- free (SPF) NOD/LtSz- scid/scid 
mice (NOD/SCID) were bred and housed under SPF conditions and 
supplied with sterile food and drinking water containing 100 
mg/1 ciprof loxacine (Bayer AG, Leverkusen, Germany) ad 
libi tzuTTt. Housing, care and all animal experimentation were 
done in conformity with legal regulations in The Netherlands, 
which include approval by a local ethical committee. All mice 
received total body irradiation (TBI) at 3.5 Gy, delivered by 
a ^'"'Cs source adapted for the irradiation of mice (Gammacell, 
Atomic Energy of Canada, Ottawa, Canada), 2-4 hours before 
transplantation. The transplants were suspended in 200 ^1 H + H 
and injected i.v. into a lateral tail vein. Transplanted cell 
numbers were 2x10^ CD34' UCB cells. At day 35 after 
transplantation, the mice were killed by CO2 inhalation 
followed by cervical dislocation, both femurs and the spleen 
were isolated and BM suspensions were prepared by flushing. 
Afcer councing, BM cells were analyzed by flow cytometry no 
deterniine the peircentiage human EGFP* cells in the mouse EM 
and their multiiineage nature determined by flow cytometry. 
Data were expressed as median (range) . Statistical 
comparisons were perform.ed according to Mann Whitney U-cest. 



ij:!ii[:r7'ose:::i 



•0:3; :i,3Gi3: 



wo 01/16341 rCT/NLOO/006tl 

13 

Two tailed P values of <0.05, were considered significant 
Actual significance levels are indicated in table 1 and in 
the figures. 

5 Trstnspl^ncacxon etssstys in rhesus monkeys 

To test for transduction of transplantable multilineage 
and/or pluripotent hematopoietic stem cells, EGFP- transduced 
CD34-*- cells are transplanted into rhesus monkeys subjected to 
9 Gy (6 MV X-rays) total body irradiation in cell numbers 

10 range from hundred thousand to several millions of CD34+ 
cells per kg body weight, either immediately following 
transduction or selected for expression of the EGFP gene by 
cell sorting using a FACS Vantage cell sorter (Becton 
Dickinson) , The transplantation procedure has been described 

15 in detail (Neelis KJ et al . (1997), Exp Hematol, 25:1094- 

103) - The monkeys are followed daily for expression of EGFP 
in peripheral blood subsets, and weekly for expression in 
bone marrow subsets, using flow cytometric surfaae marker 
labeling to identify the different blood cell lineages. As 

20 indicated in figure 3 the transduction of stem cells using 
methods of the invention can be reproducibly very high. 
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Brief description of the drawings 



Figure 1 

5 Cell titration of CD34 -selected rhesus BM cells (A) and human 
umbilical cord blood (UCB) cells. (B) during infection with 
the GAIiV-pseudotyped PGl 3 /SF-EGFP7 retroviral packaging cell 
line/vector combination. The highest levels of EGFP* cells 
were found after transduct ion of 5xl0*/ml rh BM cells or 
10 10^/ml UCB cells with 35% and 80%, respectively. 

Figure ^2__^ 

Subcloning of the PG13/SF-EGFP7 packaging cell line/vector 
combination resulted in clones with different virus titers as 

15 determined by supernatant dilution on Rat -2 cells (A) and 

HeLa cells (B) . Clone 1 and 2 (PG13/SF-EGFP7 , 1 and PG13/SF' 
EGFP7-2) showed the highest virus titers, whereas clone 3 and 
5 {PG13/SF-EGFP7 .3 and PG13/SF-EGFP7 . 5 ) resulted '"in low virus 
titers. Transduction of 5x10^ rh BM cells with PG13/SF-EGFP7 

20 and clones 1-5, 2b, 4b and 5b (C) resulted in levels of EGFP 
transduced rh BM cells that correlates with the virus titers. 
Clone 1, 2 and 2b showed EGFP levels of 80%-90% which was 
higher as compared to the parental PG13 /SF-EGFP7 producer. 
Subclones of clone 1 and 5 ( PG13 /SP~EGFP7 , 1 . 2 and PG13/SF- 

25 EGFP7.5.1, respectively) resulted in similar transduction 
levels as the parental cell lines. Decreasing cell numbers 
(from 10* tot 10^ cells/ml) during transduction using virus 
supernatant of PG13 /SF-EGFP7 resulted in increasing 
transduction efficiency ranging from 10% to 40% (D) . 

30 Transduction with supernatant from subclone PGl 3 /SF-EGFP7 . 1 
resulted in higher effxciencies (80% to 90% EGFP' cells) 
without the titration effect caused by increasing cell 
numbers /ml . 



35 



Figure^^^3^ 

The effect of prior cryopreservac ion on transduction 
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efficiency. Briefly, rhesus monkeys were treated with loo 

G-CSF for 4 consecutive days, after which bone marrow 
was procured and used in the described transduction procedure 
after selection and isolation of cells expressing CD34 . The 
5 figure shows the transduction frequencies obtained for bone 
marrow samples immediately used ("fresh") or cryopreserved 
("frozen") in comparison to bone marrow from rhesus monkeys 
taken from a rhesus monkey bone marrow barxk ("steady state 
rhBM") , The differences between the "frozen'* and the "fresh" 
10 cells is statistically significant (p=o.Oi). 

Figure 4 

ChimerisnT and EGFP expression levels in a chimeric NOD/SCID 
mouse BM 35 days after transplantation of 10^ CD34* UCB cells 
15 of which 93% expressed the EGFP gene. The bright green 

autof luorescence on the X-axes vs CD45 on the Y-axes clearly 
shows that almost all human (CD45') cells (80%) express the 
EGFP. The right panel shows the distribution of BGFP* (□) and 
EGFP" cells (■) in all hematopoietic lineages assessed, 

20 

Figure _5 

Percentage of EGFP positive CD45^ cells in NOD/SCID mice 35 
days after transplantation relaced to the percentage of 
primary EGFP positive CD34* cells transplanted. (•) AM12/MFG- 
25 EGFP .transductions; PG13/SF-EGFP transductions. The 

regression line of the data without the amphotropic 
transductions is identical to that shown of all data pooled. 
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CIAXMS 

1- A method for transducing target cells with gene 
delivery vehicles of retroviral origin comprising providing a 
selection of CD34 positive cells from a culture of cells, 
caking a plurality of samples of said CD34 positive 
5 population, diluting and/or concentrating said samples to 
provide a range of concentrations of cells per volume, 
contacting samples in said range with a composition 
comprising said gene delivery vehicles and determining the 
optimal concentration of target cells for efficient 

10 transduction and diluting or concentrating said CD34 positive 
population to said optimal concentration and contacting said 
population with said gene delivery vehicles to allow for said 
transduction of target cells, 

2. A method according to claim 1 further comprising 

15 optimizing the concentration of said gene delivery vehicles 
for optimal transduction efficiency. 

3 . A method according to claim 1 or 2 wherein said 
target cells are cultured in the presence of fibroneccin, 
retronectin or a functional equivalent thereof, 

20 4 . A method according to claim 3 further comprising 

optimizing the concentration of said fibronectin, retronectin 
or said functional equivalent for opcimal transduction 
efficiency. 

5- A method according to any one of claims 1-4, wherein 
25 said CD34 positive cells comprise umbilical cord blood cells 
or bone marrow cells. 

6 . A method according to any one of the afore going 
claims wherein composition of retroviral gene delivery 
vehicles of improved titer is applied. 
30 7 . A method according co claim 6 wherein said virus 

titer is improved by providing a culture of producer cells of 
a retroviral gene delivery vehicle, subcloning said culture 
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of producer cells , culcuring the resulting subclones and 
selecting the cultures producing the highest virus titers. 

B. A method for producing retroviral particles at high 
titers, comprising providing a culture of producer cells 
5 producing retroviral particles, subcloning said culture of 
producer cells, culturing the resulting subclones and 
selecting the cultures producing the highest vims titers - 

9. A method according to claim 8, wherein said 
retroviral particles are gene delivery vehicles. 
10 10. A method according to any one of claims 7-9 wherein 

said producer cells are cells of hematopoietic origin. 

11. A method according to claim 10 wherein said producer 
cells originate from PG13 . 

12- A composition comprising retroviral particles at 
15 high titer obtainable by a method according to claim 8. 

13. A composition according to claim 12 wherein said 
retroviral particles are gene delivery vehicles. 

14. A composition according to claim 12 or i'3 wherein 
said retroviral particles are capable of transducing 

20 hematopoietic stem cells and/or progenitor cells. 

15. A composition according to any one of claims 12-14 
wherein said retroviral particles are capable of transducing 
umbilical cord blood cells and/or bone marrow cells. 

16. A composition according to any one of claims 12-15 
25 for use as a pharmaceucical . 

17. Use of a composition according to any one of claims 
12-15 in the transduction of CD34 positive target cells. 

18. A composition for the treatment of a hereditary 
disease or a pathological condition related to a genetic 

30 defect or a genetic aberration, comprising a plurality of 

CD34 positive cells transduced with a composition according 
to any one of claims 12-15. 

19. A composition for the treatment of a hereditary 
disease or a pathological condition related to a genetic 

35 defect or a genetic aberration, comprising a plurality of 
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CD34 positive cells, said composicion being obtainable by a 
method according to any one of claims l-ll. 

20. Use of a composition according to claim 18 or 19 in 
the preparation of a medicament for the treatment of the 
various genetic hemoglobin orders, the large group of rare 
diseases collectively Jcnown as severe combined immune 
deficiencies, the group of lysosomal storage diseases, 
especially with a strong hematopoietic and/or visceral 
expression, such as Gaucher 's disease, but also possibly 
Krabbe • s disease, as well as in the treatment of infectious 
disease, notably HIv infection, or cancer. 
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Declaration and Power of Attorney Patent Application 
(Design or Utility) 

As a below named inventor. I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name, 

I believe ) am the anginal, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (If plural names are listed below/) of the subject matter 
which is claimed and for which a patent [s sought on the Invention entitled: "Improved 
methods and means for retroviral gene delivery". 

the specification of which 

□ is attached hereto 

0 was filed on M^cn 4, 200a as application serial no. iq/07o, 523 

and or PCT International Application number PCT/NLOO/0061 1 and was amended 
on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information know to me to be material to patentability as defined In 37 C.F, R,§1 .56, 

( hereby claim foreign priority benefits under 35 Lj.S.C.§119(a)-(d) or 35 U.S.C.§365(b) 
of any foreign application (s) for patent or Inventor^s certificatev or 35 U.S,C.§365(a) of 
any PCT International application which designated at least one country other than the 
United States^ listed below and have also Identified below any foreign application for 
patent or inventor's certificate of PCT International application having a filing date before 
that of the application on which priority is claimed. 



Prior Foreicin Applicatlon(s) 


Number 


Country 


Pay/Month/Year FH^d 


99202859-7 


BP 


2 September 1 999 


Number 


Country 


Day/Wonth/year Filed 


99203876,2 


BP 


19 November 1999 


Number 


Country 


Day/MonthA^ear Filed 
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Power of Attorney 

As a nsmed inventor, I heraby appoint the following attorney(s) and/or ageni{s) to 
prosecute this application and transact ail busings In the Patent and Trademark Office 
connected therewith. 



Atiorney Registration Number 

Charles R, Hoffmann 24.102 

Ronald J. Baron . 29,281 

Gerald T. Bodner 30.449 

A. Thomas Kammer 28,226 

Jfving N. Feit 28,601 

Alan M. Sack 31,874 

Algis Anilionis 36,895 

Gregory W. Bachmann 41.593 

Anthony E. Bennett 40,910 

James F. Harrington P-44,74i 

Glenn T, Henneberger 36,074 

Richard LaCava 41,136 

Kevin E. McDarmolt 36,946 

Robert C. Morriss 42.910 

Samir R. Patoi P-44,998 

R. Glenn Schro^der 34.720 

Susan A. Srpos 43, 1 28 

Roderick S.W. Tumar 38,639 

Steven T- Zuschlag 43,308 



I hereby authorize them or others whom tnay may appoint to act and rely on instructions 
from and communicate directly W\tU the person/organization who/which first sends this 
caste to tham ^nd by whcm/which I hereby declare that I have consented after full 
disclosura to b© represented unless/untjl 1 instructed otherwise. 

Please direct all correspondence in this case to at the address indicated below: 

Ronald J. Baron 
Hoffmann & Baron, L-L.P, 
6900 Jertcho Turnpike 
Syosset, New York 1 1 791 



FuU Nsma of Sole or Fimt Inventor 


Family h/ame 
Versteqen 


Ttrst Given Nania 

Moniaue 


Maria Andrea 


RdSid«snce and Ctfizendhjp 


city iiif Resicjeinc^ 

Capelle a/d IJssel 


StAU> or Country of Re^idsnce 

the Netherlands 


Country 0f Ciiisan&bip 

the Netherlands 


Post Office Address 


Street Address 

Vondellaan 41 


City 

Capelle a/d IJssel 


3t9te & Zip Code or Cauntry 
2902 AR 


SI<3nature of Inv&ntor 


Date 



N0..463 07.03. '03 17:42 ID :VEREEI\JIGDE 



I hereby claim the benefit under 35 U.S.C §11 9(e) of any United States provisional 
appiicatiDn(s) listed below: 



Prior Provlsionaf App)ication(si 


Serial Mumber 


Day/Month/Y«ar FrIIng Date 


Seriat Number 


Day/Momh/Y€ar Filing Dat© 


Serf»» Number 


Ddy/MonthA^ear Ftlfng Date 



I herefc>y claim the benefit untler 35 U S.C. §120 of any United States appllcatiDn(s). or 
under 35 U,S,C. §365(c) of any PCT International application designating the United 
States, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed tn the prior United States or PCT international application in 
the nianner provided by the first paragraph of 35 U.S.C. §112. I acknowledge the duty to 
disclose to the U.S. Patent and Trademark Office all information know/n to me to be 
material to patentability as defined in 37 C.F.R,§1.56 which became available between 
the filing date of the prior application and the national or PCT International filing date of 
this application: 



Prior U.S, or International Applicatron(s) 


Serial Number 


Day/MonthA'ear pf^ect 


St^tUQ ifi^mnxcfi. pending. anancnAcii) 


Serial NMmber 


Day/MonthyYegf Filed 


Status {pat«n;4;«4, pBnaina, ^b^naoncci) 


Serial Number 


Pay/MonthA'ear nied 


Status (pAf0rvw£t» ponCifiQ. aiyAfvioeica) 



I hereby declare that ail statements made herein of my own Knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under 18 U,S.C.§1001 and 
that such willful false statements may jeopardize the validity of the application or any 
patent Issued thereon. 
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Declaration and Power of Attorney Patent Application 
(Design or Utility) 

As a below named inventor. I hereby declare that: 

iviy residence^ post office address and citizenship are as stated below n&xt to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
origingK first and joint Inventor (if plural names are listecl below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled: "Improved 
methods and means for retroviral gene delivery"* 

the specification of which 

□ Is attached hereto 

O was filed on March 4, 2002 as application serial no. io/o7o,523 

V. and or PCX International Application number PCT/NLOO/0061 1 and was amended 
on (if applicable). 

I hWeby state that 1 have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

) acKnow^dge the duty to disclose to the U.S. Patent and Trademark Office all 
informatlonH^ow to me to be material to patentability as defined in 37 C.F,R.§1 .66. 

I hereby claim fo^eign priority benefits under 35 Lj.S.C.§119(8)-(d) or 35 lJ-S.C.§365(b) 
of any foreign app)jcMim(s) for patent or Inventor's certificate, or 35 U.S,C.§365(a) of 
any PCT International a^plicatrcsn which designated at least one country other than the 
United States, listed below and have also identified beloyi/ any foreign application for 
patent or inventor's certificate of PCT International application having a filing date before 
that of the application on which priority is claimed. 



Prior Foreign Application(s) 


Number 


CQuntry 


Payavionth/Year Filed 


99202659.7 


ep 


2 September 1 998 




Country 


D»y/Moath/Y«ar Filed 


99203875,2 


EP 


19 November 1999 


Nuinbdr 


Country 


Day/Monthnrear Fil<;d 
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Power of Attorney 

As a named inventor, I hereby appoint the following atwrney(s) aod/or ^geni(s) to 
prosecute this application and transact all business in the Patent and Trademark office 
connected therewith. 



Miomey Registration Number 



Charfes R. Hoffmann 




Ronald J. Baron 




Gerald T. Bodner 




A. Thomas Kamm^r 




Irving N. Feit 


2a^i 


Alan M, SgcK 




Ajgis Anilionls 


36,395 


Gregory W. Bachnriann 


41.693 


Anthony E. Bennett 


40.910 


James F. Harrington 


.£:!44741 


Glenn T. Hennefaerger 


36.074 


Richard La Cava 


41,135 


Kevin £. McDermott 


35.946 


Robert C. Morriss 




Samir R. Pate! 


P'44.998 


R. Glenn Schroeder 


.34.720 


Susan A. Sipos 




Roderick S.W. Turner 




Steven T. Zcischlag 


43.309 



) hereby authorise them or others whom they may appoint to act and rely on instructions 
from and communicate cjirectly with the person/organization who/which first sends this 
case to them and by whom/which 1 hereby declare that I have consented after fuH 
disclosure to be repr&senteei unless/gntil I instructed otherwise. 

Please direct ail correspondence in this case to at the address indicated below: 



Rona td J. Baron 
"Hoffmann & Baron. L.L.P . 

' Syosset. New York 11 79 1 



fro 



Ful/ W^mo of Solo or Fjf»t Inventor 


Family Name 
Verstecjen 


pirst Given 

Monic|ue 


second QWdn N«ma 

Maria Andrea 


City of ResicJencja „^ , 

Capelle a/d IJssel J- /.X 


ResidleTice and Citizenship 
Sraw or Country of Re»(dAnce 

the Netherlands 


Country of Citizenship 

the Netheriands 


' Post O^ee Address 


street Aticjress 

Vondeliaan 41 


Capelie a/d f Jssel 


State & 2i'p Co<te or Country 


SJ g naty5e_o| 1 nveriJQt^ — 
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I hereby claim the benefit under 35 U.S,C. §1 19(e} of any United States provisional 
9pplicatipn(3) listed below: 



Prior Provisional ApoHcationC^) 


Serial Number 


Day/Month/Vear Filing Date 


Sermi Number 


Oay/Month/Year Filing Date 


Serial Number 


Qay/Month/Ve^r Filing Date 



I hereby claim the benefrt under 35 U.S.C. §120 of any United States appIication{s). or 
under 35 U,S,C. §365(c) of any PCX International application designating the United 
States, listed below and. insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International applioation in 
the manner provided by the first paragraph of 35 U.S.C. §112, i acknowledge the duty to 
disclose to the U.S. Patent and Tr^dom^rk Office all information known to me to be 
material to patentability as defined in 37 C,F.R.§1,66 which became available between 
the filing date of the prior application and the national or PCT International filing date of 
this appiicatlon: 



Prior U.S. or International Appiicationfs) 


Seriai Numkier 


Day/MontlWeiir Filed 


Status (patonta4, pandino. nuettxaones^) 


Serial Number 


Pay/Month/Year FUecj 


StAUis <pataoiB<<. pBn^ina. ^t^stnaooca) 


Number 


D^y/Month/Vear Filod 


Status £^uni#d, pdAdinQ, ^banaanect) 



f hereby declare that all statements mad© herein of my own Knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under 18 U.S.C.§1001 and 
that such willful false statements may jeopardfee the validity of the application or any 
patent issued thereon. 
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Pamily Name 

Wognum 



Aibertus 



H^I^Sl . . ' 



Wernerus 



City Rdsidencd ^ \ i \J 

Rotterdarn JUL dL 



SWT£« or Country of RdSlpenca 

f he Netherlands 

~" Post Office Adciiress^ 



I the Netherlands 



Streei Address 
1 e jsrichQstraat 47P^ 



I e jgrium^ qgi. ' — — 1 — 



City 

Rotterdam 



State & Zip Co4ft Of couniry 
3Qei GC 



Pamily Namft 

Wafjemaker ,_ J 


FuUNgL-! nfThirrllnvomnr, ifanv 
First Given Name 

Gerard ^ J — 


City ftf Rosidenc© 

Rotterdam 


3t4to or couniry of Re»K*Qnc*> 

the Netherlands ^ . 


Country of CUtzenship 

the Netherlands _ 


"street Address 


City 

RQttefdam , 


Stat© & Zip Code or Country 
3053 Me 1 


Adnanataan 138 _ 

Signature of Inventor 
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Full Name of Second Inveniorj If any 


Woqnum 


Alberrus 


second Giv^n N^md 

Wernerus 


Rasidence ana CUi2:ensh!p 


Rotterdam 


Staie or Country of ResidAnee 

the Netherlands 


Coui^try of Cit^ansnip 

the Netherlands 


f»QSt Office A<ldre&3 


Street Address 

1 e Jerichostraat 47D 


City 

Rotterdam 


State & Zip Code or Country 
3061 OC 


Sfanatune of Inventor 


Date 



Full N»m© of Thir^ inventor, if any 


Family Namt) 

Wagemaker 


Fir^t Given Nam^ 
Gerard 


^«cond Gfvon Name 


8&srd<^nce and citizenship 


CiCy of Rasiaen£& J j \Y 

Rotterdam NH^ 


Sx^VQ or Country of Re6(d^c« 
the Netherlands 

Post Office Address 


country of Cidzanship 

the Netherlands 


street Address 
Adrianalaan 136 4 


City 

Rotterdam 


static & Zip Code or Country 
3053 ME 


Slsnatur© of Inventor /V i 




Date 
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United States Patent & Trademark Office 

Office of Initial Patent Examination ~ Scanning Division 
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